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Reading Time: 10 minutes 
Writing Time: 120 minutes 
 
INSTRUCTIONS TO CANDIDATES 
 
1. Read all questions carefully.  
2. Answer ALL questions.  
3. Show all working (calculations and sketches).  
4. This exam constitutes 50% of the total marks for this Unit.  
5. Total marks available on this exam = 100.  
6. Use dark blue or black ink.  
  
EXAM CONDITIONS 
You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a RESTRICTED OPEN BOOK examination 
Any non-programmable calculator is permitted 
One A4 sheet of handwritten double-sided notes permitted 
No dictionaries are permitted 
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In an ideal vapour-compression refrigeration cycle, refrigerant R-12 enters the compressor as a saturated vapour 
at −20 ℃ and leaves the condenser as a saturated liquid at 30 ℃. The mass flow rate of the refrigerant is 
0.6 
𝑘𝑔
𝑠⁄ . Calculate  
- the refrigeration effect (rate of refrigeration or heat transfer rate in the evaporator) 
(Marks: 4) 
- power consumed by the compressor 
(Marks: 4) 
- the coefficient of performance of the refrigerator 
(Marks: 4) 
- quality of the refrigerant after the expansion valve 
(Marks: 4) 
- heat transfer rate in the condenser 
(Marks: 4) 
Assumption:  The pressure drop in the evaporator and the condenser are negligible 
Thermodynamic data for refrigerant R-12 is given in the reference information 
 
Question 2 
The vapour pressure of acetone (1), acetonitrile (2) and nitromethane(3) can be calculated by using the Antoine 
equation 




Where 𝑃𝑠𝑎𝑡 are in kPa and 𝑇 is in ℃. 
Calculate the pressure and composition of the gas phase at equilibrium with a liquid mixture at 75 ℃ with the 
following composition 𝑥1 = 0.3 and 𝑥2 = 0.4. Assume that the mixture is an ideal mixture that follows Raoult’s 
law. 
 𝐴 𝐵 𝐶 
Acetone 14.3916 2795.82 230.0 
Acetonitrile 14.2724 2945.47 224.0 
Nitromethane 14.2043 2972.64 209.0 
 
            (15 marks) 
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Question 3 
A vessel is divided into two parts by a partition, contains 10 mol of CO2 gas at 75 ℃ and 30 bar on one side and 5 
mol Ar gas at 130 ℃  and 20 bar on the other. If the partition is removed and the gases mix adiabatically and 
completely, calculate: 
a) The total entropy change of CO2 
           (10 marks) 
b) The total entropy change of Ar 
           (10 marks) 
c) The total entropy change of the process. 
           (15 marks) 




An equimolar mixture of 𝐶𝑂(𝑔) and 𝐻2𝑂(𝑔) enters a reactor which is maintained at 10 bar and 1000K. the 
reaction involved is 
𝐶𝑂(𝑔) + 𝐻2𝑂(𝑔) → 𝐶𝑂2(𝑔) + 𝐻2(𝑔) 
Give that the equilibrium constant 𝐾𝑃 for this reaction at 1000K is 1.5. Calculate the composition of the gas 
mixture leaving the reactor. Assume that all gases follow the ideal gas law. 
            (30 marks) 
 
Thermodynamic properties of saturated Refrigerant R-12  
 
 
Taken from Sonntag, Richard Edwin, C. Borgnakke, Gordon J. Van Wylen, and Gordon J. Van Wylen. Fundamentals of Thermodynamics. New York: Wiley, 1998. 
  
Thermodynamic properties of super-heated Refrigerant R-12 
 
 
Taken from 
https://www.egr.msu.edu/classes/me201/somerton/R12Tables.pdf  
 
